Introduction and Aims. A relationship between socioeconomic position (SEP) and mortality has been found in high-income countries. One possible explanation is socioeconomic differentials in health behaviours. The aim was to investigate to what degree the association between SEP and all-cause mortality is explained by differences in alcohol use and other lifestyle factors. Design and Methods. The study was based on data from a large public health survey from Stockholm County in 2002, with 5 year follow-up for all-cause mortality. Proportional hazard models estimated the effect of education, occupational class and income on all-cause mortality, before and after adjusting for alcohol use (both separate and combined effects of levels and patterns of drinking), smoking, physical activity and body mass index. Results. The prevalence of lifestyle factors showed a marked social gradient. All three SEP indicators showed higher mortality for the most disadvantaged SEP group than in the least disadvantaged group. Adjusting for a combined measure of alcohol use attenuated the SEP differences in mortality by a fifth, whereas adjusting for volume of consumption resulted in considerably smaller attenuations. Adjusting for smoking resulted in attenuations of 6-18%. In the fully adjusted model, physical activity and body mass index did not account for the socioeconomic differences in mortality beyond that of alcohol and smoking. Discussion and Conclusions. Irrespective of whether SEP is defined by education, occupational class or income, the unequal distribution of hazardous alcohol use and smoking contributes to a notable proportion of the socioeconomic differences in mortality in Sweden. [Sydén L, Landberg J. The contribution of alcohol use and other lifestyle factors to socioeconomic differences in all-cause mortality in a Swedish cohort. Drug Alcohol Rev 2016;00:000-000]
Introduction
A large body of research has documented a relationship between socioeconomic position (SEP) [1, 2] and mortality in high-income countries, where groups with lower SEP tend to have lower life expectancy and elevated mortality compared to groups with higher SEP [3] [4] [5] [6] .
The mechanisms underlying these mortality differentials have not been fully identified. However, one line of explanation focuses on socioeconomic differentials in the distribution of health behaviours. Lifestyle factors, such as hazardous alcohol consumption, smoking and obesity are all major determinants of health and mortality. The latest Global Burden of Disease and Injury Study ranked tobacco (including second-hand smoking), alcohol, high body mass index (BMI) and physical inactivity as the second, fifth, sixth and tenth largest risk factors for the global burden of disease, respectively [7] . Moreover, most health risk behaviours tend to be more prevalent in socioeconomic groups with lower status [8] [9] [10] providing a plausible link between SEP and mortality. This is probably reflected in the results from a recent meta-analysis, which found that the SEP differential in alcohol-related mortality is higher than that in all-cause mortality. Lower socioeconomic status was associated with 1.5-2-fold higher mortality for alcohol-attributable causes than for all causes [11] .
In line with the behavioural explanation, recent research has shown that a substantial proportion of the social gradient in mortality may be attributed to differences in health behaviours across socioeconomic groups. For instance, a register-based follow-up study found that the socioeconomic differences in life expectancy would have been 60% smaller among Finnish men and 35% smaller among Finnish women in the absence of alcohol and smoking [12] . Moreover, a study in the US found that alcohol use, smoking and physical activity together accounted for 68% of the association between SEP and all-cause mortality [13] . Finally, a study based on the Whitehall II cohort in the United Kingdom found that the association between SEP and all-cause mortality was attenuated by 42% after controlling for alcohol, smoking, dietary habits and physical activity [14] .
However, when it comes to alcohol use most previous studies of health behaviours and SEP differences in mortality have either used poor proxies or considered only one dimension of alcohol consumption, either average volume [6, [13] [14] [15] [16] or frequency of heavy episodic drinking (HED) [17] , possibly missing out on the risks of different alcohol use patterns. Within alcohol epidemiology, it is well established that both volume of consumption and pattern of drinking (frequency of HED occasions) should be considered when assessing the impact of alcohol consumption on mortality [18] [19] [20] .
Furthermore, the size and patterns of the socioeconomic differences in exposure to alcohol use vary across drinking measures. For instance, whereas SEP tend to have a positive relationship with drinking status, frequency of drinking and light to moderate drinking, the gradient is often reversed for measures of heavy drinking and frequent HED, especially among men [10, 21, 22] . Consequently, different alcohol use measures may have differential impact on the social gradient in mortality, and in order to obtain a more valid assessment of the role of alcohol in this context, analyses should include measures of both levels and patterns of drinking. This in turn may explain why some previous studies, that only included alcohol volume, have found that alcohol does not contribute to social inequalities in all-cause mortality [14, 16] or even increased the inequalities [15] .
Moreover, most studies within the field have focused on only one SEP indicator: education [17, 23] , occupational class [14] or income [12] . Because these measures cannot be used interchangeably to assess socioeconomic differences in mortality [24] the present study will include analyses for each measure. Against this backdrop, the aim is to investigate to what degree the association between SEP and all-cause mortality is explained by socioeconomic differences in alcohol use and other lifestyle factors. In addition, we will assess whether the separate and combined effects of volume of consumption and HED differ in this context. More specifically, we will estimate the effect of education, occupational class and income on all-cause mortality, before and after adjusting for separate and combined effects of levels and patterns of drinking, smoking, BMI and physical activity.
Methods

Study population
We analysed population-based survey data from Stockholm County, Sweden. The Stockholm Public Health Survey has been sent out every four years beginning in 2002, including questions about health, lifestyle, finances and working conditions. At baseline, 31 182 individuals aged 18-84 years (62% response rate) participated, of whom 55% were female [25] . Ethical approval was obtained from the Regional Ethical Review Board in Stockholm, reference number 2010/2053-31/5.
Participants between 25 and 74 years of age were included in the present study, ensuring that the study population had reached an age of independence and chance to accrue SEP. Individuals over age 74 were excluded because of their increased mortality. Individuals missing one or more variables being studied, or who reported chronic illness at baseline (see below), were excluded from analysis. This resulted in a study sample of 21 064 individuals (55% female).
Chronic illness
Responders were asked if they had been diagnosed with any chronic illness, including at least one of the following severe conditions: diabetes, angina pectoris, infarct, heart failure or stroke. Because these conditions potentially affect both survival and relevant lifestyle factors, individuals reporting at least one severe chronic illness were excluded from the main analysis.
Mortality
Mortality was based on date of death, regardless of cause, in the Swedish Death Register and traced during the study period from the date when the questionnaire was received in November 2002 to end of study 31 December 2007. In total, 300 participants died during the study period.
Socioeconomic position
To study SEP, three indicators were chosen, all measured at baseline in 2002: Education was linked register data from Statistics Sweden and defined as the length of completed education at the time of the survey. Education was divided into three groups: Primary School or less (<9 years), Secondary School (10-12 years) and Postsecondary/University (>12 years). Occupational class was based on the self-reported current (or previous) occupation in the questionnaire and categorised according to the Swedish socioeconomic classification [26] 
Lifestyle factors
Alcohol use was measured by volume of consumption and HED. The volume of consumption was the average consumed centilitres of different beverages per week: weaker Swedish 'folk beer' (<3.5% by volume), strong beer, wine, strong wine and spirits, calculated to grams of 100% alcohol per week, and divided into four groups using cut-offs established by Smyth et al. [27] ; abstainers, light drinkers (0-84 g 100% alcohol/week), moderate drinkers (men:>84-252, women: >84-168 g 100% alcohol/week) and heavy drinkers (men: >252, women: >168 g 100% alcohol/week).
HED was defined as the number of times a respondent consumed beverages corresponding to minimum 120 g 100% alcohol (e.g. two bottles of wine/6 cans of strong beer/a half bottle of spirits) during the last 12 months [28] . Out of the two measures above, a combined alcohol use measure was created, including both levels of volume and HED, generating 10 groups: (i) abstainers; (ii) light drinkers with no HED; (iii) light drinkers with HED; (iv) moderate drinkers with no HED; (v) moderate drinkers with HED 1-6 times/year; (vi) moderate drinkers with HED > monthly; (vii) heavy drinkers with no HED; (viii) heavy drinkers with HED 1-6 times/year; (ix) heavy drinkers with HED 1-3 times/month; and (x) heavy drinkers with HED > once a week.
Smoking was divided into non-smoker (never smoked daily), current daily smoker and former daily smoker (during at least 6 months). Physical activity was based on reported workouts in leisure time during a normal week the previous year, and divided into three groups: inactive, active and regular active leisure time. Body weight was considered as a proxy for caloric imbalances determined in large measure by behaviour, measured by calculating the BMI and the respondents were categorised by established cut-points as being underweight (<18.49), normal weight (18.5-24.99), overweight (25-29.99 ) and obese (>30).
Statistical analyses
Cox proportional hazard models were used to estimate hazard ratios (HR) and their 95% confidence intervals for the association between SEP, alcohol use, other lifestyle factors and all-cause mortality. All analyses below were weighted, using weights created for SPHC to take account for the non-response and better draw inference on the study population [25] . Total person-time at risk in the study was calculated from date a participant entered the study (1 November 2002 at earliest) until being censored by either date of emigration, date of death or end of follow-up (31 December 2007) .
First, the association of each lifestyle factor with allcause mortality, controlled for sex and age, was estimated. Second, the contributions of lifestyle factors on SEP differences in all-cause mortality were estimated. The first model included the SEP indicator, adjusted for sex and age (the crude model). Subsequently, the lifestyle factors of alcohol use (measured as volume of consumption, HED and combined alcohol use), smoking, BMI and physical activity were added separately to the crude model, and last all lifestyle factors (with the combined alcohol use measure) were put in the fully adjusted model. The HRs of the most and least disadvantaged SEP groups were compared and presented for each respective model by primary school or less (<9 years) versus post-secondary/university (>12 years), unskilled workers versus higher nonmanual employees and the lowest income quintile to the highest quintile.
Because there was no effect modification by sex for the associations between SEP and mortality, or alcohol use and mortality, the results are presented for men and women combined. We used log-log plots to assess if the proportional hazard assumption was violated. The effect of lifestyle factors on SEP differences in mortality was then estimated by calculating the percentage reduction in the coefficient for the lowest SEP groups after inclusion of the lifestyle factors at issue, using the following formula: 1 À [ln HR Crude model + Lifestyle factors / ln HR Crude model] × 100 to get the proportion of the effects explained on a multiplicative scale [29] . The Cox regression analyses were carried out using STATA SE-13.
Sensitivity analyses
We re-estimated all models after including the individuals that had been diagnosed with chronic illness at baseline.
Results
During the 5 year mortality follow-up, 300 (1.4%) participants died. Tables 1-3 show the characteristics of the study population by the distribution of lifestyle factors and deaths in the groups for each SEP indicator. The prevalence of health behaviours generally showed a marked social gradient. For all three SEP indicators, respondents in the most disadvantaged SEP group were more likely than those in the least disadvantaged group to HED at least once a week (and abstain from alcohol use), smoke daily, be obese and have sedentary leisure time (all P <0.001 χ 2 , not shown in table). In contrast, this pattern was not seen for volume of consumption, where heavy drinkers were more evenly spread or even more common in the highest SEP groups. Other exceptions include the distribution of daily smoking and BMI across income quintiles, where the highest prevalence was found for the mid quintiles. It is worthwhile to notice that the selfemployed group in occupational class had a high prevalence of moderate and heavy drinkers and HED, but at the same time low prevalence of abstainers. Table 4 shows the association between the lifestyle factors and all-cause mortality as estimated by the Cox proportional regression models. For the combined alcohol use, all drinking groups (apart from light drinkers with no HED) showed increased mortality relative to moderate consumers who reported no HED. The highest mortality was found for heavy drinkers with HED 1-6 *The number of times a respondent consumed beverages corresponding to minimum 120 g 100% alcohol (e.g. two bottles of wine/6 cans of strong beer/a half bottle of spirits) during the last 12 months. approximate two-fold mortality compared to moderate drinkers, whereas HED once a week or more often had a three-fold mortality compared to reporting no HED. Being a current daily smoker was associated with a more than two-fold increase in mortality (2.47 [1.79, 3 .41]), whereas those reporting former daily smoking had a 61% increased mortality (1.61 [1.19, 2.18] ). No increased mortality was found for being overweight or obese relative to those with normal weight, whereas underweight was associated with a more than three-fold higher mortality (3.30 [1.58, 6 .87]). Finally, those reporting inactive leisure time had an almost two-fold increased mortality relative to respondents with regular physical activity (1.88 [1.15, 3 .08]).
The contribution of lifestyle factors to SEP differences in all-cause mortality
For all three indicators of SEP, we found an approximate two-fold elevated mortality for the most disadvantaged relative to the least disadvantaged SEP group, when adjusting for age and sex in the crude model ( Table 5 ). The hazard ratios ranged between 1.71 (1.21, 2.42) to 1.84 (1.19, 2.83) . Adjusting for the combined alcohol use attenuated the SEP differences in mortality by about one-fifth (17-22%). The largest attenuations were obtained when we adjusted for HED (24-27%), while adjustment for volume of consumption resulted in smaller attenuations (5-8%). The attenuation of daily smoking showed a large variation across SEP indicators, ranging from 6% for income to 18% for education. Moreover, for all three SEP indicators, adjusting for physical activity attenuated the SEP differences in mortality by 10%, whereas adjustment for BMI did not reduce the socioeconomic differences in mortality. Finally, including all lifestyle factors concurrently attenuated the differences in mortality by 33% for education, 27% for occupational class and 26% for income. It should be emphasised that neither physical inactivity nor obesity or overweight was significant in any of the fully adjusted models (not shown in table).
Sensitivity analyses
Analyses to assess how the results were affected by inclusion of individuals with chronic illness at baseline (n = 22 683 women 53.8%, deaths = 426) showed roughly the same HRs for education and occupational class but somewhat higher for income compared to the main analyses (see Table S1 ). A notable difference is that volume of consumption attenuated the SEP differences in mortality more substantially with 14-16%. In this same manner, physical activity reduced the SEP differences in mortality further with about one-fifth. The estimates in the fully adjusted model, for all lifestyle factors, were similar to those in the main models, except that physical activity was significant. Moreover, the percentage attenuation increased somewhat for all models to around a 40% attenuation of the SEP differences in all-cause mortality.
Discussion
Overall, our findings show that a significant proportion of the social differentials in all-cause mortality can be explained by an unequal distribution of hazardous alcohol use and daily smoking between the most disadvantaged relative to the least disadvantaged SEP groups. Regardless of whether SEP was defined by education, occupational class or income, HED at least once a week and daily smoking (the categories associated with the highest mortality) were more prevalent in the most disadvantaged group than in the least disadvantaged group. Conversely, the groups with lowest mortality (non-smokers and moderate alcohol consumers who do not HED) were most strongly represented in the least disadvantaged SEP groups. Alcohol use accounted for around one-fifth of the socioeconomic differences in all-cause mortality. Daily smoking attenuated socioeconomic differences in allcause mortality differently across the SEP indicators; the attenuation seemed to be considerable for education (22%) but of less importance for the differences in mortality for occupational class (10%) and income (6%). Physical activity attenuated the SEP differences in mortality by 10%, whereas adjustment for BMI did not reduce the socioeconomic differences in mortality. However, including all lifestyle factors concurrently showed that it is foremost the combined alcohol use and daily smoking that affect the socioeconomic ifferences in mortality by a fourth up to a third. It should be noted that the differences of these percentages have not been tested statistically, and therefore should be interpreted with caution. Unlike several previous studies [14] [15] [16] 30] , we found that alcohol use contributed significantly to the socioeconomic differences in all-cause mortality. This may in part be explained by that the studies above used volume as the sole measure of consumption, whereas we used both levels and patterns of drinking. In fact, volume of consumption contributed to a considerably smaller proportion of the social differences in all-cause mortality than the measure of HED. This result is most likely explained by that the social gradient was stronger for HED than volume of consumption.
Creating the combined alcohol use measure gave us the possibility of taking both volume and frequency of heavy drinking into account and also study a wider spectrum (e.g. heavy drinker and no HED) of alcohol use and its contribution to all-cause mortality. Weaknesses are the possible incomparability of results across studies, as each study will use different combined measures and the high demands on sample size as some combinations that are theoretically relevant are relatively rare.
Moreover, it should be mentioned that Sweden has a relatively high prevalence of binge drinking [31] , and it is possible that socioeconomic differences in HED are less important for the mortality inequalities in countries where intoxication drinking is a less dominant feature of the drinking culture [28] .
The differential impact of smoking for the SEP indicators on all-cause mortality is probably explained by that the size of the social gradient in daily smoking differs between the indicators. For instance, the prevalence of daily smoking was more than 27.5% in the group with shortest education, whereas the corresponding prevalence for the lowest income quintile was 18.6%. Furthermore, because the mean age is higher in the group with shortest education, they are more likely to have been smoking for a longer period of time. Consequently, the group with shortest education might capture the duration of smoking more than the other groups of SEP indicators.
In line with a previous study in the United States [6] , we found that obesity and overweight were not associated with increased mortality, and it was only the group with underweight that showed increased mortality. It is worth to acknowledge that BMI, which was treated as an indicator of caloric imbalance, is affected of both dietary and physical activity behaviours. Physical activity was included in the analyses, but there were no suitable dietary factors measured to include for this study. The finding that physical activity was significant and contributed to further attenuation of the mortality differentials in the fully adjusted model, after inclusion of respondents with chronic illness, is probably explained by these respondents being overrepresented among those with a sedentary leisure time. Moreover, we found the combined effect of the lifestyle factors to be somewhat smaller than effects reported in several other studies [13] [14] [15] .
Limitations
Our hazard ratios are somewhat lower than the rate ratios in mortality by education and income reported by Östergren [32] based on Swedish cause of death data from to the total population-register for the period 2000-2009. This indicates that our findings represent an underestimation of the socioeconomic differences in mortality in the Swedish population and can probably be explained by the fact that marginalised people most likely were underrepresented in our sample, because of healthy-population-selection that answers surveys. A second limitation relates to problems capturing actual levels of the lifestyle factors: (i) there is most likely an underrepresentation of heavy and problem drinkers in the sample, implying that the highest categories of alcohol use, with the highest mortality, include rather few individuals; (ii) there is possible underreporting of responder's alcohol use, smoking and BMI, and over reporting of physical activity; and (iii) heterogeneous 'non-groups', e.g. abstainers probably includes both life-time abstainers and former drinkers, and non-daily smokers include both passive and occasional smokers. Together, the above limitations may imply that our assessments of the contribution of alcohol use and smoking to the SEP differences in mortality are somewhat underestimated. Finally, studies analysing changes in health behaviours over time tend to find even larger effects on the social gradient, whereas we had information on the lifestyle factors only at baseline [13, 14] .
With regard to policy implications, the Swedish government has stated that health equity is a long-term goal for its public health politics and has appointed a national commission with the goal of closing the preventable health gaps within a generation. Against this context, our findings suggest that policies and interventions designed to prevent negative health behaviours in disadvantage socioeconomic groups, in particular HED and smoking, may help reduce the social gradient in mortality.
In conclusion, the unequal distribution of hazardous alcohol use and smoking contribute to a significant proportion of the socioeconomic differences in all-cause mortality in Sweden, irrespective of studying educational length, occupational class or annual disposable income. Physical inactivity, overweight or obesity do not appear to account for the socioeconomic differences in mortality beyond that of alcohol use and daily smoking. Moreover, our results highlight the importance of including measures of both levels and patterns of drinking when assessing the impact of alcohol on social inequalities in all-cause mortality-using volume of consumption as the sole alcohol use measure may lead to an underestimation of the role of alcohol in this context and future research is needed on this issue.
